Rates of photosynthetic 02 evolution, for measuring Ko.5(C02 + HC03-) at pH 7, upon addition of 50 micromolar HC03-to airadapted Chiamydomonas, Dunaliella, or Scenedesmus cells, were inhibited up to 90% by the addition of 1.5 to 4.0 millimolar salicylhydroxamic acid (SHAM) to the aqueous medium. The apparent K,(SHAM) for Chlamydomonas cells was about 2.5 millimolar, but due to low solubility in water effective concentrations would be lower. Salicylhydroxamic acid did not inhibit oxygen evolution or accumulation of bicarbonate by Scenedesmus cells between pH 8 to 11 or by isolated intact chloroplasts from DunalielIa. Thus, salicylhydroxamic acid appears to inhibit CO2 uptake, whereas previous results indicate that vanadate inhibits bicarbonate uptake. These conclusions were confirmed by three test procedures with three air-adapted algae at pH 7. Salicylhydroxamic acid inhibited the cellular accumulation of dissolved inorganic carbon, the rate of photosynthetic 02 evolution dependent on low levels of dissolved inorganic carbon (50 micromolar Na-HCO3), and the rate of 14C02 fixation with 100 micromolar [14C] HC03-. Salicylhydroxamic acid inhibition of 02 evolution and 14CO2-fixation was reversed by higher levels of NaHCO3. Thus, salicylhydroxamic acid inhibition was apparently not affecting steps of photosynthesis other than CO2 accumulation. Although salicylhydroxamic acid is an inhibitor of alternative respiration in algae, it is not known whether the two processes are related.
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may enter the cells, depending on the microalgae and the pH of the medium. Unicellular green algae, such as Chlamydomonas (4, 21) , Dunaliella (2, 14) , Scenedesmus (11) , and species of Chlorella (1, 18) absorb CO2 and are generally characterized by extracellular CA to facilitate the conversion of HC03-to CO2. Air-adapted algae with a CO2 pump exhibit a much lower Ko.5(CO2) for oxygen evolution during photosynthesis between pH 4 to 8 than do C02-grown cells or pump mutants. The CO2 concentrating process is inhibited by COS (17, 22) , by hydrogen sulfide (10) , by acetazolamide to inhibit CA (19) , and as reported in this paper, by SHAM. SHAM has been used as an inhibitor to detect the presence of an alternative oxidase in plant mitochondria (9, 26) , cyanobacteria (25) , and unicellular algae (13) . Other microalgae, particularly the cyanobacteria, and Scenedesmus can also import HCO3-especially from media between pH 7 to 11 (3, 8, 11, 23, 24, 28, 29) . The HC03-pump, as studied with Scenedesmus (1 1, 23, 28) , is inhibited by vanadate as if a plasmamalemma ATPase were involved. Thus, there are two substrates for DIC accumulation by microalgae, CO2 uptake and/or HCO3-uptake (28) . SHAM did not inhibit the HC03-pump. In most green, fresh water algae the CO2 pump appears to predominate, while in Scenedesmus both pumps can be present and the pH of the medium or the availability of CO2 or HCO3-determines which pump is predominantly used (28) . Unicellular green algae, Chlamydomonas (4, 21) , Chlorella (18) , Dunaliella (2, 14) , Scenedesmus (1 1, 23, 28) , and cyanobacteria such as Anabaena (29) 
MATERIALS AND METHODS

Organisms and Growth Conditions
Chlamydomonas reinhardtii 137 cells were grown photoautotrophically in minimal media at 26 ± 2°C with continuous shaking and bubbling with 5% CO2 in air (27) . Dunaliella tertiolecta (CSIRO Marine Laboratories, Hobart, Tasmania, Australia) was maintained and cultured on a defined medium (15) with 0.17 M NaCl as described previously (12, 14) . The photon flux density was 150 ,E m-2 s-' with a light/dark regime of 16/8 h. The pH of the algal growth medium started around 7 and drifted lower to near 5 during growth of the cultures. While in the exponential growth phase and 1 d before use, cultures were diluted with fresh growth media and aerated only by shaking for 3 to 18 h to develop DIC pumps. Cultures were harvested by centrifugation (lOOOg x 10 min); the cell pellet was washed once with the fresh growth medium (pH 6.8), and centrifugation was repeated. Finally, the cell pellet was resuspended in a small volume of assay buffer (50 mM Hepes at pH 7.0 or 7.2), kept on ice, and used within 2 h. Chl was estimated on an aliquot after ethanol extraction.
Scenedesmus obliquus from N. I. Bishop (Dept. of Botany, Oregon State University, Corvallis, OR) were maintained on slants prepared with Scenedesmus medium (6) containing 0.5% glucose, 0.25% yeast extract, and 2% agar (NYG) (5) . Algae were grown photoautotrophically in Scenedesmus medium (6) in thermostated cylinders (800 mL) at 32°C with continuous bubbling with 5% CO2 in air. The cylinders were illuminated continuously from both sides by two banks of fluorescent lights that provided the algae an intensity of 100 ,E-m-2 s-'. The following procedure was used to (14, 20 activity, the rate of photosynthetic 02 evolution from the addition of DIC was used to calculate Ko.5(DIC) as described previously (21) . Where indicated, SHAM was added to the reaction mixture from a stock solution of 0.45 M in ethanol. Because SHAM has low solubility in water, the effective concentration in solution would be lower than the amount added. The dilution factor for the SHAM stock was at least 100-fold and the carry over of 1% or less ethanol did not effect the rate of 02 evolution. Nevertheless, 1 % ethanol was added to controls without for comparative purposes. All experiments were run at least in duplicate, and all results for each alga were confirmed with cultures grown at three different periods.
14CO2 Fixation
The 14C02 fixation was measured in a 2 mL cell suspension in 25 mm Hepes-KOH buffer (pH 7.5) containing cells equivalent to 40 Mg Chl. The algal suspension was continuously stirred in a thermostated cuvette (25°C) and illuminated with 800 MuE-m-2 s-' from a Kodak projector. The reaction was initiated by adding an aliquot from a stock solution of H'4CO3-(0.5 mCi/mmol, Research Products International, USA) to provide 2 mm and every 5 min an additional aliquot was added to give 1 mm bicarbonate. Aliquots of 0.45 M SHAM in ethanol was added to the cell suspension 1 min prior to addition of H'4C03. To the control algal suspension, an equal amount of ethanol was added. After 5, 10, or 15 min, the fixation was terminated by adding 1 mL hot aqueous methanol 80% (v/v). Radioactivity was determined in 50 uL aliquot after releasing unfixed inorganic carbon by adding 0.45 mL acetic acid (0.5 N) and warming the vials at 80°C for 2 h.
Inorganic Carbon Uptake DIC uptake by algal cells was estimated by silicone oil filtration (4, 14, 20) . Assays were performed in light of 400 ME. m2 s-' at 25°C in 400 MuL microfuge tubes in a Beckman Microfuge II. Cell suspension was placed in a microfuge tube over a gradient of 25 MuL of 1 M glycine and 0.75% (w/v) SDS at the bottom, overlaid with 75 ML of a silicone oil mixture (four parts of Wacker AR-200 to one part of Wacker AR-20 silicone oil from SWS Silicones, Adrian, MI). A large evaporating dish filled with cold water was placed on the top of the open microfuge with the loaded tubes so that heat from the illumination did not warm the cell suspension or change the viscosity of the silicone oil. After preillumination for 1 min, DIC uptake was initiated by the addition of 5 MuL ofNaH'4CO3 (Research Products International; specific radioactivity 45 mCi mmol-' for Chlamydomonas, and 35 mCi. mmol-' for Scenedesmus), and the incubation was terminated after 30 to 60 s by turning on the microfuge. Where appropriate, 1.5, 2, or 4 mM SHAM was added to the cell suspension at the beginning of the 1 min preillumination. The DIC uptake was calculated by estimating the cell volume using "4C-sorbitol and 3H20 as previously described (21) . The final concentration of NaHCO3 in the medium was about 150 Mm. Inorganic carbon accumulation was calculated by subtracting the acid stable radioactivity from the total 14C uptake.
RESULTS
Effect of SHAM on Photosynthetic Oxygen Evolution
After cultures grown on high CO2 were adapted in air for 24 Figures 1 and 2 reversed the SHAM inhibition of photosynthetic oxygen evolution (Table I) . As explained later, the apparent Ki (SHAM) was around 2.5 mM (Fig. 3A) , but higher concentrations of SHAM were not used to prevent inhibition of photosynthesis. This reversal of SHAM inhibition of photosynthetic oxygen evolution by a high level of HC03-suggests that SHAM inhibited the DIC pumps but not photosynthetic CO2 reduccion (Fig. 3B) . With a higher concentration of DIC at pH 7 to 7.5 enough CO2 would be available to diffuse into the cell to sustain maximum photosynthetic oxygen evolution.
Since both these algae belong to the same family and appear to have similar DIC-concentrating mechanism (2, 14) , the effect of SHAM on Scenedesmus adapted to air at two different pH was also tested. Scenedesmus adapted at acidic pH (Fig. 3B ) and respiration at similar concentrations (13) . With C02-grown Chlamydomonas the addition of up to 5 mM SHAM did not inhibit photosynthetic oxygen evolution (Fig. 3A) . Both in C02-grown and air-adapted cells with high DIC levels, the inhibition of 14C02-fixation by addition of 5 mM SHAM was only about 10% (Fig. 3B) . With air-adapted cells at pH 7 or 7.5 on limiting DIC, 02 evolution was progressively inhibited by increasing concentration of SHAM with a Ki of about 2.5 mm SHAM. This inhibition was reversed by high DIC concentrations ( Fig. 1; Table I ). These results suggest that SHAM did not inhibit the photosynthetic capability of the cells, but rather the SHAM inhibition ofphotosynthesis was due to reduced DIC uptake. Nevertheless, to avoid other possible effects from SHAM, only concentrations of2 to 3 mm were added with Chlamydomonas or Dunaliella cells, although these levels did not completely inhibit the CO2 pump. In these experiments, similarly, concentrations of SHAM partially inhibited respiration by Chlamydomonas (13) (Fig. 4) and varied between 5 to 8 mM. Consequently, most rates of DIC accumulation were measured over only 60 or 120 s. In Chlamydomonas 2 mM SHAM inhibited by 70 and 80% the 14C accumulation in 1 min at pH 7.0 (Fig. 4) or 7.5 (data not shown). Higher concentrations of SHAM (4 mM) inhibited uptake more than 90% at both pH. In 1 to 2 min of photosynthesis, which did not reach Vmax, the total 14CG2 fixation at pH 7.0 or 7.5 was inhibited 45% with 2 mM SHAM and about 90% with 4 mM SHAM. Most of the inhibition of 14C02 fixation was due to reduced carbon accumulation and not due to impaired fixation ability (Fig. 3) , because the rate of CO2 fixation approached Vmax with higher NaHCO3 concentrations.
With Scenedesmus, the DIC accumulation was inhibited about 50 to 60% by 1.5 mM SHAM in the cells adapted to air at pH 7.2 and tested at pH 7.2 (Fig. 5A ) or about 80% when tested at pH 9.0 (Fig. 5B) . These cells air-adapted at pH 7.2 had a well developed CO2 pump, but the HCO3-pump was less developed. The Scenedesmus cells, adapted at pH 9.0 to activate the HC03-pump, when tested at pH 7.2 were inhib- ited 50% by 1.5 mM SHAM (Fig. 5G) (14) , and thus we proposed that the chloroplast DIC pump involved an ATP/HC03-transporter. The chloroplast DIC uptake process was not inhibited by SHAM (Fig. 6) , whereas SHAM did inhibit CO2 uptake by whole Dunaliella cells at pH 7.0 and 7.5 (Table I) to dissipate excess energy without generating ATP. Since the operation of DIC pumps requires energy, and since SHAM and Dunaliella at pH 7 where C02 was the primary inhibition of the alternative oxidase in the mitochondria cies being removed from the medium. SHAM did should not inhibit ATP generation, it seems unlikely that bit HCO3 uptake by Scenedesmus cells in pH 9 SHAM inhibition of the CO2 pump should be due to reduced or by Dunaliella chloroplasts isolated from airmitochondrial alternative oxidase activity. Thus, other hy- 
